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A MULTIMODE MULTICARRIER MODEM SYSTEM

AND METHOD OF COMMUNICATION OVER THE SAME

Background of the Invention

Field of the Invention

[0001] This invention relates to communications technologies. In particular, this

invention relates to a multimode multicarrier modem.

[0002] The role out ofbroadband services over telephone lines using Digital Subscriber

Lines (DSL) technology is occurring around the globe. In order to achieve reliable

communications over DSL links, a technique known as Discrete Multitone (DMT)

modulation is used. Discrete Multitone Modulation has been standardized for DSL

transmission by the ANSI standards body for full-rate ADSL (T1E1.4/97-007R6 Interface

between network and customer installation Asymmetric Digital Subscriber Line (ADSL)

metallic interface, September 26, 1997, i.e., T1.413 Issue 2, incorporated herein by

reference in its entirety, and by the International Telecommunication Union (ITU) in the

G.992.1 (full-rate ADSL) and G.992.2 (G.lite) standards, both incorporated herein by

reference in their entirety. These standards specify that hundreds of 4.3125 kHz sub-

channels are assigned for DSL transmissions between a telephone company Central Office

(CO) and a Remote Terminal (RT), such as a home or business. Data is transmitted

between the CO and RT in both the downstream direction, i.e., from the CO to the RT, and

in the upstream direction, i.e., from the RT to the CO. The aggregate bandwidth, i.e., the

bandwidth that is used by both the upstream and the downstream communications, of a full-

rate ADSL system is over 1 MHz and that of G.lite is over 500 kHz. The systems typically

transmit 1.5 Mbps (G.lite) or 6 Mbps (full-rate ADSL) data rates downstream.
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SUMMARY OF THE INVENTION

[0003] The demand for even faster data access speeds is being driven by the desire of

consumers to enhance access to the Internet and services available over the Internet, such as

high-bandwidth multimedia presentations, streaming video, audio, streaming audio, and the

like. This increased demand in turn creates a demand for systems and technologies that are

capable of operating at these increased bandwidth's. Communication systems that enable

high speed data access are being developed for both wireline and wireless systems.

Typically, these systems combine a highly sophisticated signal processing technique that

enables multiple bits per second per hertz ofbandwidth in conjunction with an operational

range over wider and wider bandwidths.

[0004] For example, to cope with these demands, proposed solutions include what is

known as VDSL (very high speed DSL) utilizing approximately 10 MHz of bandwidth.

Utilizing more bandwidth allows an even greater potential of higher data rate services using

these technologies. For example, services based upon VDSL are targeting data rates in

excess of 20 Mbps downstream, and in some cases, in excess of 50 Mbps.

[0005] Another example ofbroadband technology is known as home networking. For

home networking, technology solutions propose the use of between approximately 1 0 and

20 MHz ofbandwidth to supply approximately 10 Mbps of throughput between multiple

points within the home. Some of the media being considered for home networking are the

telephone wires inside the home, electrical wires inside the home, wireless transmissions, or

the like.

[0006] In general, and with reference to Fig. 1, the telephone network architecture is a

star network. A central office exists in each neighborhood throughout the world that

connects all the customers within a geographic location together. Many thousands or tens

of thousands of telephone lines may aggregate at the central office. Equipment in the

central office that is used for DSL service should thus be capable of serving multiple lines

as cost-effectively and space-effectively as possible.
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[0007] Multi-port solutions are based upon technology that uses a silicon architecture

that can support multiple DSL lines in a single chip. Where a single port solution can

support one DSL line, a multi-port solution is capable of supporting many DSL lines. By

using advances in the semiconductor process technology, a single piece of silicon can

support multiple lines whereas historically the same silicon can only support one line.

Multi-port solutions are an example of an important part of the evolution ofDSL solutions

and leverage the improvements in silicon processes to create a solution that translates into,

for example, cost savings and space savings for DSL service providers.

[0008] Accordingly, and in accordance with an exemplary embodiment of the invention,

the first aspect of this invention is to provide an architecture that enables systems to support

both multi-port standards-based DSL and broadband technologies.

[0009] Aspects of the present invention also relate to providing an architecture that

scales as silicon geometry's change so that an architecture that supports x ports today can

support y, where y is greater than x, ports in the future.

[0010] Aspects of the present invention also relate to providing an architecture that

scales to support multiple modes of operation so that the systems and methods can evolve

from supporting a predetermined number of ports ofone solution or a predetermined

number ofports for another solution. For example, an exemplary multiple mode

embodiment may include 8 ports ofDSL or 1 port ofVDSL, or 2x ports ofone solution or

2y ports of another solution, such as 16 ports ofDSL or 2 ports ofVDSL.

[0011] Aspects of the present invention also relate to providing a modem architecture

that is capable of supporting both access solutions, such as DSL, cable, powerline or

wireless access, or the like, and home networking solutions, such as powerline, telephone

line, wireless networking, or the like..

[0012] Aspects of the present invention also relate to providing a method for operating a

modem in one ofnumber of modes of operation.
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[0013] These and other features and advantages of this invention are described in, or are

apparent from, the following detailed description of embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The embodiments of the invention will be described in detail, with reference to

the following figures wherein:

[0015] Fig. 1 is an exemplary embodiment of a star network;

[0016] Fig. 2 is a functional block diagram illustrating an exemplary multimode

multicarrier modem according to this invention;

[0017] Fig. 3 is a functional blocked diagram illustrating a second exemplary

embodiment of a multimode multicarrier modem according to this invention;

[0018] Fig. 4 is a functional blocked diagram illustrating a third exemplary multimode

multicarrier modem according to this invention;

[0019] Fig. 5 is a functional block diagram illustrating a fourth exemplary multimode

multicarrier modem according to this invention;

[0020] Fig. 6 is a functional blocked diagram illustrating an exemplary resource

manager according to this invention;

[0021] Fig. 7 is a functional blocked diagram illustrating a second exemplary resource

manager according to this invention;

[0022] Fig. 8 illustrates the exemplary operation of a resource manager according to this

invention;

[0023] Fig. 9 illustrates a second exemplary method of operation of the resource

manager according to this invention; and
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[0024] Fig. 1 0 illustrates the exemplary operation of an 8 port ADSL modem according

to this invention; and

[0025] Fig. 1 1 illustrates the exemplary operation of a VDSL modem according to this

invention.

[0026] For ease of illustration, the functions of an exemplary DSL modem have been

partitioned into sections, where each section is dedicated to perform at a certain function.

However, it is to be appreciated, that this division is simply for ease of illustration, and that

the functional components of the modem can be regrouped or re-associated in any way as

deemed appropriate. For the exemplary embodiments of this invention, the DSL modem

will be broken into four functional components. First, the ATM over ADSL interface block

implements the ATM transmission conversions layer as defined in the ITU 1.432 standard.

This interface block provides the connectivity from the ATM-Forum UTOPIA-Level II

interfaces to a full duplex synchronous serial port that is typical on ADSL devices.

Secondly, the framer block, which includes, for example, a framer, a coder, and interleaver

blocks, implements the bit oriented functions of T1.143 and G.lite standards, such as,

framing, a Cyclic Redundancy Check (CRC), scrambling, Reed-Solomon coding, and

interleaving. Third, the transformation block implements the multitone QAM and trellis

constellation encoding and/or decoding, Fourier transforms, and frequency-domain

equalization algorithms that enable transmission and reception according to the

requirements of the Full Rate and G.lite standards. Fourth, the equalization block

implements the digital filtering portions of the front-end processing required in an ADSL

modem. The filters perform plain old telephone system (POTS) protection, transmit mask

application, interpolation, decimation, echo cancellation and time domain equalization

(TDQ). Furthermore, each of these blocks is capable of supporting both transmit and

receive functions simultaneously. The transmit functions implemented in these blocks are

detailed in the G.992.1 and G.992.2 standards, incorporated herein by reference in their

entirety. The receive functions detailed above are just a typical example of an ADSL

DETAILED DESCRIPTION OF THE INVENTION
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receiver. It is to appreciated that other receiver structures are possible and that the receiver

structure is not limited to that described herein.

[0027] Within each functional unit described above, there exist core engines, or

functional blocks, that operate on data being processed in the modem. For example, in a

single port solution, there will exist one such set of engines in each functional block. As

solutions have migrated to multi-port applications, a typical solution is to populate the DSL

modem architecture with multiple engines with each engine dedicated to the equivalent of

one DSL line's implementation.

[0028] Fig. 2 illustrates an exemplary multi-port solution that uses the partition

nomenclature discussed above for a 4-port embodiment. In particular, for each port, each

one of the blocks, i.e., the interface block, the framer block, the transformation block, and

the equalizer block, is duplicated. However, with the exemplary embodiment illustrated in

Fig. 2, the size of the resulting silicon solution, which is directly related to the number of

gates required to implement the modem, becomes disadvantageously large. Since the same

blocks are replicated multiple times, the size of the silicon grows as more ports are added to

the modem.

[0029] According to an exemplary embodiment of this invention, modems are designed

that are capable of operating at speeds that are higher than the speed required to implement

a single port of DSL. Thus, one engine can be used to support the throughput ofmultiple

engines. Therefore, by re-using the same engine multiple times, the number of gates

required does not increase relative to the number of ports. Typically, as the geometry of the

silicon implementation, measured in microns, decreases, the speed at which a chip can

operate increases. For a factor oftwo improvement in silicon geometry, e.g., from 0.35

microns to 0.25 microns, a speed increase of approximately of30% can be achieved. The

result is that as silicon manufacturing processes improve, and consequently solutions

proceed deeper into the sub-micron realm, the same DSL engine that in a previous geometry

can only operate one port, in the new geometry according to the systems and methods of

this invention allow more than one port can be supported. To provide this type of

functionality, a resource manager that directs the data in and out of one or more engines and
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maintains information pertaining to which of the ports is being operated at any particular

time is used.

[0030] For example, Fig. 3 illustrates an exemplary embodiment of a multimode

multicarrier modem that is capable of supporting multiple ports simultaneously. In

particular, as previously discussed, the multimode multicarrier modem 100 comprises an

interface block 200, a framer block 300, a transformation block 400, an equalizer block 500

and a resource manager 600, interconnected by links 5. In this exemplary embodiment, the

framer 300 comprises a framer CRC scrambler 310, an inverse-framer CRC descrambler

320, a Reed Solomon Coder 330, a Reed-Solomon Decoder 340, an interleaver 350 and a

deinterleaver 360. The transformation block 400 comprises a QAM encoder trellis 410, a

QAM decoder trellis 420, an equalizer 430, a DMT modulator (IFFT) 440 and a DMT
demodulator (FFT/FDQ) 450. The equalizer block 500 comprises an interpolator and echo

cancellor 510 and an echo cancellation and time domain equalizer (TDQ) 520.

[0031] The links 5 can be a wired or a wireless link or any other known or later

developed element (s) is capable of supplying and communicating electronic data to and

from the connected elements.

[0032] Thus, for example, in the exemplary embodiment illustrated in Fig. 3, a

multicarrier modem is capable of, for example, allocating 32 Mbps to be used to support 4

ports of 8 Mpbs ADSL or 1 port of 32 Mbps VDSL. This is accomplished by changing the

operation of the resource manager 600. For example, the modifications to the resource

manager 600 can be a software command that regulates the operation of the various engines

and directs and maintains the input and data output from the resource manager 600. With

this exemplary embodiment, the number of transistors required to implement a multi-port

solution and the ability, through software commands, to configure the silicon to operate as

either a multiport ADSL or, for example, a VDSL solution, is provided. Furthermore, it is

also possible to configure the silicon to operate in a combination ofADSL and VDSL ports.

In the example illustrated in Fig. 3, where a 32 Mbps engine is used in the example, the

engine can be reconfigured to support one 8 Mbps ADSL port and two 12 Mbps VDSL

ports.
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[0033] In operation, the resource manager 600 comprises a memory portion and a

resource multiplexing system (not shown) that is capable ofmanaging the addressing and

control functionality into and out of one or more functional blocks. Thus, depending on the

service requirements, e.g., ADSL, VDSL, Home Networking, or any combination thereof,

the resource manager 600, allocates for each service requirement and for each functional

block determines the required frame boundaries based on the service requirement.

Additionally, the resource manager 600 divides the memory portion into, for example, a

number of buffers, based on the frame boundaries and configures the addressing of data

read into and data written out of the buffers to the respective functional blocks.

[0034] Fig. 4 illustrates an exemplary embodiment of a multimode multicarrier modem

1000 according to a second embodiment of this invention. In particular, and while similar

components are referred to with similar reference numbers, the functions of the resource

managers are split between one or more of the various functional blocks. For example, in

this illustrative embodiment, the resource manager 610 is placed between the interface

block 200 and the framer block 300. Furthermore, the resource manager 620 is placed

between the framer block 300 and the transformation block 400, and the resource manager

630 is placed between the transformation block 400 and the equalizer block 500. Therefore,

for this particular embodiment, the duties of the various resource managers are restricted to

directing the data in and data out between two adjacent functional blocks. However, it is to

be appreciated, that while the resource manager can be configured to govern all functional

blocks, such as illustrated in Fig. 3, or have multiple resource managers with more specific

functionality, the resource manager or resource managers, can be configured in any manner,

and duplicated as many times as necessary, without affecting the overall function of the

systems and methods of this invention.

[0035] Fig. 5 illustrates that exemplary multimode multicarrier modem 1 100 that can

provide, for example, concurrent DSL access and home networking solutions either

simultaneously, or serially. In particular, a multicarrier, e.g., DMT, based home networking

solution can be partitioned into similar functional portions comparable to those discussed

above. This partitioning results in a silicon architecture that consists of a very high-speed

engine, or one or more engines, that can support both ADSL and home networking. In
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particular, the multicarrier modem 1 100 comprises a MAC (media access control)

functional block 700, a transformation block 400 and a equalizer block 500, with resource

managers 640 and 650 interposed therebetween, respectfully. However, as discussed in

relation to a previous embodiment of the multimode multicarrier modem, the resource

manager 640 and 650 can be combined into one resource manager that is capable of

controlling the MAC block 700, the transformation block 400 and the equalization block

500.

[0036] In operation, the resource managers 640 and 650 comprise a memory portion and

a resource multiplexing system (not shown) that is capable ofmanaging the addressing and

control functionality into and out of one the MAC 700 and transformation functional blocks

400 and the transformation and equalization block 500, respectively. Thus, the resource

manager 640, determines the required frame boundaries based on the service requirement.

Additionally, the resource manager 640 divides a memory portion (not shown), such as a

buffer, into, for example, a number of buffers, based on the frame boundaries and

configures the addressing of data read into and data written out of the buffers to the

respective functional blocks.

[0037] Fig. 6 illustrates an exemplary embodiment of the various functional components

of a resource manager that is used for a plurality of computational engines. In particular,

the resource manager 600 comprises a memory and resource multiplexing control portion

that provides the address and control functionality for the various engines in the multimode

multicarrier modem. Additionally, two buffers, an encoder output buffer 660 and an inplace

buffer 670 are used to temporarily store information between the associated functional

blocks. As discussed above, based on the number of ports, the resource manager configures

the memory portion and the multiplexing control to control the transfer of data into and out

of the various functional blocks using, for example, a time slot type organizational structure.

[0038] Fig. 7 illustrates an exemplary configuration for a plurality of resource managers

where each resource manager is assigned an engine. In particular, a Reed-Solomon

resource manager 710 manages the addressing and control of the Reed-Solomon encode

engine with the aid of the encoder output buffer 660. Similarly, the constellation encode
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resource manager 720 manages the addressing and control of the constellation encode

engine with the aid of the encoder output buffer 660 and the FFT inplace buffer 670.

Additionally, the FFT resource manager 730 manages the addressing and control of the FFT

MACC encode engine with the aid of the FFT inplace buffer 670.

[0039] Fig. 8 illustrates an exemplary method of operation of a resource manager. In

particular, control begins in step SI 00 and continues to step SI 10. In step SI 10, the service

requirements are established. For example, the modem can be configured to operate in a

single, such as high speed mode, a mulit-mode configuration, or any combination thereof.

Next, in step SI 20, for each service type, the operation of resource manager is determined.

Then, in step SI 30, for each resource manager, the frame boundaries are determined in step

SI 40. Control then continues to step SI 50.

[0040] In step SI 50, the memory, or buffers, are divided based on the frame boundaries.

Next, in step SI 60, the addressing of the resource manager(s) are configured to correctly

route data between the various functional blocks. Control then continues to step SI 70

where the control sequence ends.

[0041] Fig. 9 illustrates a second exemplary method of the operation of a resource

manager. In particular, control begins in step S200 and continues to step SI 20. In step

S210, the service requirements are established. For example, the modem can be configured

to operate in a single, such as high speed mode, a mulit-mode configuration, or any

combination thereof. Next, in step S220, a determination is made wether the modem is to

be configured for ADSL multiport mode. If the modem is to be configured for ADSL

multiport mode, control continues to step S230. Otherwise control jumps to step S260.

[0042] In step S230, the frame boundaries are established. Next, in step S240, a buffer

is configured as an inplace buffer containing a predetermined number of points. Then, in

step S250, the addressing for the buffer is configured. Control then continues to step S340.

[0043] Next, in step S260, a determination is made wether the modem is to be

configured for LAN operation. If the modem is to be configured for LAN operation, control

continues to step S270. Otherwise control jumps to step S300.
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[0044] In step S270, the frame boundaries are established. Next, in step S280, a buffer

is configured as an inplace buffer containing a predetermined number of points. Then, in

step S290, the addressing for the buffer is configured. Control then continues to step S340.

[0045] Next, in step S300, a determination is made wether the modem is to be

configured for VDSL operation. If the modem is to be configured for VDSL operation,

control continues to step S3 10. Otherwise control jumps to step S340.

[0046] In step S3 10, the frame boundaries are established. Next, in step S320, a buffer

is configured as an inplace buffer containing a predetermined number of points. Then, in

step S330, the addressing for the buffer is configured. Control then continues to step S340

where the control sequence ends.

[0047] However, while the exemplary method illustrated in Fig. 9 shows the various

methods being operated serially, it is to be appreciate that the various steps could also be

run in parallel. For example, the multiport ADSL and VDSL steps could be performed

simultaneously, for example by dedicated resource managers.

[0048] Fig 10 illustrates the exemplary addressing for a resource manager for a

functional block where the modem is configured for 8 ports ofADSL. In particular, for

each port, a 512 point FFT inplace buffer is established. The resource manager then

performs 768 Multiply-accumulates per pass, addressing local to the port 1 FFT buffer.

Similar operations are also performed for the remaining 7 ports.

[0049] For the exemplary 8-port example, and with reference to Fig. 10, the functional

logic, which is directionally related to the numbers of gates, are required to support 8 ports

of 8 Mbps ADSL is essentially equivalent to that required for one port of 64 Mbps VDSL.

The number ofFFT "butterfly" operations for one 8 MHz VDSL with a 4096 point FFT is

only slightly larger than the number of butterflies required for 8 ports ofADSL, each

utilizing 1 MHz of bandwidth. Thus, the same computational resources and the even the

same memory buffers can be re-used with different addressing and logic control as managed

and identified by the resource manager.
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[0050] Fig 1 1 illustrates the exemplary addressing for a resource manager for a

functional block where the modem is configured for 1 ports ofVDSL. In particular, a 4096

point FFT inplace buffer is established. The resource manager then performs 6144

Multiply-accumulates per pass, addressing throughout the 4096 point buffer.

[0051] The above example refers to the FFT functional block that is used in the DMT
transmitter and receiver. The same concept of scaling the implementation engine to support

multiple applications applies to other functional blocks as well. For example, primary

resources required to perform the Galois-Field operations for the two cases above, i.e., 8

ports of 8 Mbps ADSL or 1 port of 64 Mbps VDSL, are the same, i.e., 32,000 length-255

Reed-Solomon code words must be computed each second.

[0052] The multimode multicarrier engine described in this invention can be used in

applications where a multicarrier engine is a fundamental element of a set of access

solutions or a combination of access and networking solutions. The exemplary embodiment

provides details of a multimode ADSL or VDSL solution as well as a combination mode

ADSL/LAN solution. Multimode operation can also involve a selection between any of

ADSL, VDSL, powerline access, i.e,. transmission and reception of data over powerlines,

wireless access, i.e., transmission and reception of data over the air, or cable access, i.e.,

transmission and reception of data over cable TV lines. As described above for ADSL or

VDSL, multimode operation can also involve combinations of access techniques driven out

of the multimode engine, e.g., 2 ports ofADSL and 1 port ofVDSL. Also, while the

exemplary embodiments discussed above illustrate a combination mode operation involving

a selection of access and networking technologies and a combination ADSL/LAN

operation, any combination of access, such as ADSL, VDSL, powerline, wireless or cable,

and networking, such as, telephone line, powerline, wireless technologies, or the like, can

also be used with comparable success .

[0053] As illustrated in Fig. 3-7, the multimode multicarrier modem and related

components can be implemented either on a DSL modem, such as a VDSL modem, or

separate programmed general purpose computer having a communication device. However,

the multimode multicarrier modem can also be implemented in a special purpose computer,
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a programmed microprocessor or a microcontroller and peripheral integrated circuit

element, an ASIC or other integrated circuit, a digital signal processor, a hardwired or

electronic logic circuit such as a discrete element circuit, a programmable logic device, such

as a PLD, PLA, FPGA, PAL, or the like, and associated communications equipment. In

general, any device capable of implementing a finite state machine that is in turn capable of

implementing the flow charts illustrated in Figs. 8-9 can be used to implement the

multicarrier modem according to this invention.

[0054] Furthermore, the disclosed method may be readily implemented in software

using object or object-oriented software development environments that provide portable

source code that can be used on a variety of computers, work stations, or modem hardware

and/or software platforms. Alternatively, disclosed modem may be implemented partially

or fully in hardware using standard logic circuits or a VLSI design. Other software or

hardware can be used to implement the systems in accordance with this invention depending

on the speed and/or efficiency requirements of this system, the particular function, and the

particular software and/or hardware systems or microprocessor or microcomputer systems

being utilized. The multicarrier modem illustrated herein, however, can be readily

implemented in a hardware and/or software using any known later developed systems or

structures, devices and/or software by those of ordinary skill in the applicable art from the

functional description provided herein and with a general basic knowledge of the computer

and telecommunications arts.

[0055] Moreover, the disclosed methods can be readily implemented as software

executed on a programmed general purpose computer, a special purpose computer, a

microprocessor and associated communications equipment, a modem, such as a DSL

modem, or the like. In these instances, the methods and systems of this invention can be

implemented as a program embedded on a modem, such as a DSL modem, or the like. The

multicarrier modem can also be implemented by physically incorporating the system and

method into a software and/or hardware system, such as a hardware and software system of

a modem, such as an ADSL modem, VDSL modem, network interface card, or the like.
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[0056] It is, therefore, apparent that there has been provided in accordance with the

present invention, systems and methods for a multimode multicarrier modem configuration.

While this invention has been described in conjunction with a number of embodiments, it is

evident that many alternatives, modifications and variations would be or are apparent to

those of ordinary skill in the applicable art. Accordingly, applicants intend to embrace all

such alternatives, modifications, equivalents and variations that are within the spirit and the

scope of this invention.
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